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US ATLAS 

HL-LHC Upgrade  

   BASIS of ESTIMATE (BoE) 

 

Date of Est:  

24-Nov-2015 

Prepared by:   

         Mark Oreglia (UChicago) 

Docdb #:  

WBS number:   6.5.1.1 WBS Title:   Tile Calorimeter Main Boards 

WBS Dictionary Definition:  

This WBS covers the fabrication of main boards (MB) which manage the data flow, power distribution, 

monitoring, and calibrations of the Tile Calorimeter front-end electronics. This MB is more radiation-

tolerant than the current ones, which is a requirement for HL-LHC running. 

 

The deliverable for WBS 6.5.1.1 is production of 1,100 boards. Additional tasks are parts procurement and 

monitoring of outsourced assembly, elevated temperature burn-in of cards with testing and repair, and 

assembly on the “drawer” mechanical structure for acceptance testing at CERN. 
 

Estimate Type (check all that apply – see BOE Report for estimate type by activity): 

 

___ Work Complete 

___ Existing Purchase Order 

___ Catalog Listing or Industrial Construction Database 

_x__ Documented Vendor Estimate based on Drawings/ Sketches/ Specifications 

_x__ Engineering Estimate based on Similar Items or Procedures 

___ Engineering Estimate based on Analysis 

_x__ Expert Opinion 
 

Supporting Documents (including but not limited to):  

Attachments:  1) Bill of Materials      2) Vendor PCB Assembly quote     3) Shipping quote 

 

 

Details of the Base Estimate (explanation of the Work) 
 

This BOE covers the production of 100% of the MB boards needed for the detector. The effort includes purchasing 

components and PCBs for the 1100 units needed, and shipping of the boards to CERN and acceptance testing.   

 

Labor 

The Main Board is a complex 16-layer PCB with a large number of ball-grid mounted integrated circuits. Experience 

acquired during production of prototype boards for a “demonstrator module” proved that the assembly process by 

outsourced firms needs to be monitored by an experienced Electrical Engineer (EE) who can aid in debugging faults 

in the process early on. It is also important for a trained Electronics Technician (ET) to perform an initial test on bare 

PCBs and again as they arrive from the assembly house to detect and repair faults. The assembled boards are 

received from the vendor at the University of Chicago, where they are mounted in burn-in fixtures and monitored in 

real time during temperature cycling over a 5 day period which mimics 15 years of field operation. This process 

requires that the front-end cards (FEB, manufactured by a different group) be connected to the MB during the burn-

in.  Experience from the production of the current motherboards, and especially recent production of MB prototypes, 

suggests that approximately 5-10% of the boards will need rework due to faulty components or soldering.  
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Depending on the severity of the problem, the diagnosis and repair will be done by the EE or ET.  Undergraduate 

students (UG) will be employed to mount boards in the burn-in fixtures, monitor them periodically, and dismount 

and store units that pass.  Experience from the production of 1100 main boards for the current ATLAS detector 

showed that the burn-in and repair process required almost full FTE labor by the ET and approximately 25% FTE 

oversight by the EE. Shipping the boards in batches to CERN will incur materials- and ET labor costs, and 

significant time by the EE is required at CERN to attend two expert weeks per year and train staff to do acceptance 

tests. 

 

Labor costs for the EE and ET working in the Electronics Development Group (EDG) incur no overhead. 

Labor FTEs are based on experience with the recent prototypes produced for the demonstrator and our experience in 

producing the motherboards for the current ATLAS Tile calorimeter. The breakdown is as follows (with “Y1” 

indicating first year of full production, taken to be 2020): 

 Parts packages, short-test PCBs: 10% FTE ET in Y1,Y2 

 Oversee PCB assembly, initial testing, debugging with assy hse: 10% FTE EE,ET in Y1,Y2 

 Mount in burn-in fixtures; supervise students:  10% EE, 60% ET, 1 FTE UG in Y1, Y2 

 Diagnose and repair failures: 10% EE and ET in Y1, Y2 

 Inventory, crate and ship to CERN: 5% ET in Y1, Y2, Y3 

 Acceptance test training at CERN and system integration meetings: 10% EE per year 

 

Summary FTE’s:  2.8 EE, 2.95 ET, 2 Undergraduate Students 

 

Materials 

Cost of components and PCBs is taken from the Bill of Materials (BoM) for the recent production of prototype MB 

cards used in the “demonstrator” – a prototype Tile Calorimeter module currently undergoing testing at CERN; the 

BoM is shown in Attachment 1.  This BoM was for production quantity of only 8 cards and shows retail prices by 

Digikey. Our EE expert is confident (based on mutch experience with Arrow as a supplier) that a full production lot 

of the more expensive IC’s accounting for 87% of the cost will realize a 20% or higher discount over the attached 

BoM.  We have a quote from the assembly firm for PCB assembly in large quantity (Attachment 2).  To get the best 

batch pricing, all passive components will be purchased in one lot; purchase of more expensive items such as PCBs, 

ADCs, FPGAs and DC-DC converters will be done in two batches. Shipping costs were estimated based on a quote 

from UPS based on the size and weight of the required crating. 

 

 

 

Travel 

Travel to CERN by the EE is needed during the production phase to attend expert weeks and to train staff to do the 

acceptance tests. We have estimated that two week-long trips per year will be necessary, based on our experience in 

constructing the demonstrator as well as the motherboard production during 2000-2003; the average cost of a week 

at CERN is estimated to be $2570. Also included for the PCB assembly process are 6 commuter trips to 

Schaumberg, IL, so the EE can debug the process with the assembly house engineers; this is a local trip incurring 

only mileage reimbursement of $100 per trip. There is no overhead on travel by EDG staff. 

 

A cost summary is tabulated below. 
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Schedule: 
 

ATLAS management has scheduled installation of the Tile Calorimeter modules to begin early in 2024; possibly 

even late 2023.  Consequently, the complete number of 256 tested and assembled drawers must be ready by 2023Q4. 

To meet this target with available manpower and resources, 18 months of production are necessary over two years; 

this also provides for a comfortable 6 month schedule float. These requirements call for the following timeline: 

 2018-19: final design and prototype pre-production 

 2020: parts procurement, production and testing of 550 boards 

 2021: parts procurement, production and testing of 550 boards 

 2021-23: acceptance testing at CERN and mounting on drawer structures 

 2023: full system testing and start of installation 

 

Assumptions: 
 

 Chicago “3in1” version of FEB adopted. MB components differ for other versions. 

 Preproduction funded by operations or other pre-construction sources 

 20% quantity discount on ICs 

 Timely receipt of FEBs from Clermont-Ferrand 

 Component failure rate < 10% 

 MB rework rate < 15% 
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Risk Analysis 
 

We note that the recent production of a demonstrator prototype employing these MBs leads to high confidence in 

performance, cost and schedule. The MB production is essentially self-contained, so there is really no external 

dependency apart from receiving at least one batch of FEB from Clermont-Ferrand.  

 

Schedule Risk: 

Probability: Low 

Potential Problem: higher PCB failure rate. 

Mitigation: 33% schedule float should be sufficient to address any plausible failure rate. 

 

Schedule Risk: 

Probability: Low 

Potential Problem: late  delivery of FEB from Clermont-Ferrand. 

Mitigation:  In the event of late FEB delivery, MB production can proceed with only one batch of FEB; these 

FEB could even be reclaimed from demonstrator modules. 

 

Cost Risk: 

Probability: Low 

Potential Problem: higher EDG labor rates. 

Mitigation: none. 

Labor rates include 3% inflation; the average over 10 years at UChicago has been 2%. 

 

Cost Risk: 

Probability: Low 

Potential Problem: higher failure rate necessitating more repair, or increased component costs. 

Mitigation: More EE labor to augment repair force; component costs should be well within 30% contingency. 

Recent experience with the demonstrator and purchase of components validates costing and debug time. 

 

Cost Risk: 

Probability: Low 

Potential Problem: QIE or FATALIC version of FEB+MB chosen. 

Mitigation:  These versions of the MB are simpler and have no ADCs; parts cost would be lower. 

 

Technical/Scope Risk: 

 Probability: Negligible 

Potential Problem: Card component no longer radiation qualified. 

Mitigation: Find alternative component. 

The components are not exotic, with many alternatives. Radiation testing already virtually certifies the 

components chosen. 
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M&S Contingency Rules Applied 
 

50% 

 

We now estimate the contingency based on the rules for M&S. It depends on the maturity of the cost estimate.  

 

5) 40‐60% contingency on: items with a detailed conceptual level of design; items adapted from existing designs 

but with extensive modifications, and/or made more than 2 years previous with documented costs. A physicist or 

engineering estimate uses this level. 

 

Labor Contingency Rules Applied 
 

50% 

 

We now estimate the contingency based on the rules for Labor.. It depends on the maturity of the cost estimate.  

 

40-60% contingency for a task that is not yet completely defined, but is analogous to past activities; for 

example, a fabrication activity similar to, but not exactly like, items fabricated for other activities; for 

example, design labor for items similar to, but not exactly like, previous designs. 

 
 

 

 

Comments: 
 

There is high confidence in cost and risks based on the recent successful test of MB prototypes and 

radiation testing. 

 

Attachments: 
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Attachment 1: Bill of Materials 
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Attachment 2: Vendor Quote: PCB assembly 
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Attachment 3: UPS shipping quote 

 

For crate of 50 boards. 
 

 

 


